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parameterisations for Anta rctic ice shelves
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What you should take home...

4 N { N

Ocean | Melt parameterisations bridge the gap between open ocean
Melt Observat:gns or | . . . .
parameterisation| € Temperature | vodels withoutcavity - nroperties and the ice shelf base in uncoupled ice sheet models

and Salinity |¢9 CMIP-type models
k J

\ J

Currently, individual corrections are needed for each ice shelf when simple melting
parameterisations are used. Here, we take a circum-Antarctic approach.

Minimisation of

difference
Y . . .
F\:@{\“ — We use a “perfect-model” approach with a circum-Antarctic
o ° ) [ J [ ) [ ] °
< _, [ Ocean ] ocean simulation to tune the simple parameterisations using
# Ty b ——b Temperature . . . .
EAONIRY ~ Vetine parameterisation and Salinity the 36 resolved ice shelves in the simulation over 38 years.
§ %&J&Q y  thermal forcing term Z?:Z,ZZAZS

y « thermal forcing « [thermal forcing| y « thermal forcing « |thermal forcing| y thermal forcing « |thermal forcing|

0.06 « sin(local slope)
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We infer values of y using a linear fit and investigate the

e 02

o
=)
(]

uncertainty of the inferred values of y using bootstrapping.
] ‘ .OOOBGGSam:;(;O(()vjz(:n/S;).OOONS 0.000375 0(.50::13:1(; ((;)0;);3/5:; 0.000390 0.076 O.ZLSmma ((;)0[8:‘/5] 0.082
The median values of y are close to the ISMIP MeanAnt recommendation  ismipvatues (from Lipscomb et al. 2021 and Jourdain et ., 2020) fin m/s]
but the uncertainty around the median values is much smaller thanthe ™™ iaio: o100 170% 101
window between the MeanAnt and PIGL recommendations.  Ourresultsfinm/s]

5th pctl 3.65x104 3.79x10+4 7.78 x 102
Median 3.69x104 3.83x104 7.95x 102
95th pctl 3.73x104 3.88x 104 8.09 x 102

(7N . . : Y
Q Coming soon: similar tuning approach for complex parameterisations!
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1 The problem 2 Our goal
Representing ocean basal melting in Improve ocean basal melt
(uncoupled) ice sheet models parameterisations for ice sheet models
% What has happened before... 4 How we tackle the problem

% First results: Tuning the simple parameterisations in a circum-Antarctic approach

N . 6 Comingsoon: Tuning the complex parameterisations in a circum-Antarctic approach

Antarctic ice sheet

Ocean
Temperature

Melt parameterisation and Salinity
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The problem: Representing ocean basal melting in (uncoupled)
ice sheet models

Ice sheet models need information about the ocean water interacting with the ice at the lower
boundary of the ice shelves...

~ ~—_ However: Sub-shelf cavities are typically not resolved in ocean or coupled-climate models...

The link between the open ocean and the ocean-ice sheet interface is missing!

Ocean Observations or

Tembperature Models without cavity
P e.qg. CMIP-type

and Salinity F¥He

Southern Ocean
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Our goal: Improve ocean basal melting parameterisations for ice sheet models

We assess and tune existing sub-shelf melt parameterisations in a circum-Antarctic approach.

Melt rate w

"=._  Thermal forcing

Quadratic function of thermal forcing Reese etal.,, 2018 Box model

Linear function
of thermal [De Conto & Pollard (2016), [Olbers & Hellmer (2010),
forcin Favier et al. (2019)] Reese et al. (2018)]
[ ) g A Ice sheet | Ice shelf
%, |Beckmann & i |
Goosse (2002)] " ----
g : Grounding line

Thermal forcing

Ocean
Temperature

Melt parameterisation and Salinity

Plume parameterisation
[Jenkins (1991), Lazeroms
et al. (2018 & 2019)]

_________________
-

Ta)Sa
Ambient water

 Lazeroms et al,, 2019

Observations or
Models without cavity
e.qg. CMIP-type
models

Southern Ocean



The evaluation of existing parameterisations is challenging.

A Linear function Quadpratic function of thermal forcing Reese etal., 2018 Box model Plume parameterisation
=3 of thermal [De Conto & Pollard (2016), \ [Olbers & Hellmer (2010), [Jenkins (1991), Lazeroms
=1 forcing Faweﬁr» et al. (2019)] o é\----——lc—e;JVT?j{_ o Reese et al. (2018)] et al. (2018 & 2019)]
= « |Beckmann & | i —> !B
IS ol B, E e interface
Thermal forcing Goosse (2002)] fce "r,,.fs,,
+ | I;,S; ! —
of Grounding line Mmoo Plume
=} T e TS

Thermal forcing l/ e

| “::/'/
" o
A Ambient water

grounding line

Lazeroms et al., 2019

Evaluation with observations:
- In-situ observations are very difficult to make and therefore sparse

- Satellites cannot observe the cavities directly and estimates are uncertain
- Possible temporal mismatch between input temperature and salinity profiles to the parameterisations

and target melt rate

Evaluation with models is one solution.
Assessment in idealized coupled ocean-ice-sheet model simulation was done [Favier et al., 2019].

But;:

- Only one (idealized) ice shelf
- And, when applied to several Antarctic ice shelves, empirical corrections were needed to get the right present-day melt N

rates underneath individual sectors or ice shelves [De Conto and Pollard 2016, Lazeroms et al., 2018, Jourdain et al., 2020]




How we tackle the problem

Remember: Our goal is to assess and tune existing melt parameterisations with a circum-Antarctic approach.

‘“Perfect model” approach
We use a circum-Antarctic ocean simulation (resolving cavities) as a virtual reality to tune the parameters in
_ the parameterisations => self-consistent state and all needed information available

o S Simulation: NEMO global ocean simulation conducted by P. Mathiot (for TiPACCs),
Minimisation of . on eORCAO0.25 grid for the time period 1958-2018
difference .. NEMO resolves cavities and melt at the ice-ocean interface

Ocean
Temperature
) and Salinity
&V’ &Q | r Melt parameterisation Mean proz.‘i[es over i ‘ from NEMO
the 50 km in front of simulation

4 theice shelf



600 -
550 -
500 -

]

&
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|

Target melt [Gt/year

R? fit = 0.91
RMSE fit = 24.28
y fit = 3.83e-04
Yy median = 3.83e-04
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y « thermal forcing
600 - " 600 -
R? fit = 0.24 R? fit = 0.92 /
RMSE fit = 70.52 >0 RMSE fit = 22.82 / 230 -
y fit = 4.33e-06 00 4V fit = 3.69e-04 / 500
y median = 4.34e-06 Yy median = 3.69e-04 //
450 - / 450 -
400 — 400
350 350
300 - 300 -
250 250
200 200 -
150 150
100 - 100 -
50 - 50
0 - 0 -
| | | | | | | | | | | | |
0 1 2 3 4 5 6 7 0.00 0.25 0.50 0.75 1.00 1.25 1.50
le7 le6
y » thermal forcing « |thermal forcing| y » thermal forcing « |thermal forcing|
o sin(local slope) 00 o sin(cavity slope)
R2 fit = 0.9 R? fit = 0.68
RMSE fit = 25.79 /5504 RMSE fit = 46.15
v fit = 7.94e-02 V4 s00 ] v fit = 5.80e-02
Yy median = 7.95e-02 / Yy median = 5.79e-02
/ 450 -
/
/ 400 -
// 350
/ 300
250
200 -
150
d
100 { W
50 W"‘
O -
| | | | | | | | | | |
1000 2000 3000 4000 5000 6000 7000 0 2000 4000 6000

Thermal forcing term [(Gt*s)/(m*year)]

0.00 0.25 0.50 0.75

1.00

|
1.25 1.50

leb

Ice shelves resolved in NEMO eORCAOQ0.25

Least-squares
linear fit

Bootstrap fits
Ross
Filchner
Ekstrom

Nivl

Cook

Ronne

Getz
Thwaites
Venable
George VI
Prince Harald
Amery
Moscow Univ.
Crosson
Abbot
Stange
Larsen C

Riiser-Larsen
Fimbul

Roi Baudoin
Tracy Tremenchus
Totten
Nickerson
Dotson
Cosgrove

Bach

Larsen D
Lazarev

West
Sulzberger

Pine Island
Stancomb Brunt
Jelbart
Borchgrevink
Shackleton
Wilkins

y » thermal forcing « [thermal forcing| y«thermal forcing . [thermal forcing|

What’s thermal forcing? )
thermal fOFCing — Twater' Tfreezing

What’s y?
It’s the heat exchange velocity, this
is what we want to tune!

Linear parameterisation

(y « thermal forcing) does not
really fit well

(highest RMSE, lowest R2)

Order of magnitude of y
depends on
parameterisations, scaling
factor needed for
correction! (work in progress)

e ~
Each point = ayear
between 1980 and 2018




Results (2) Uncertainty of inferred y (from bootstrapping) and

comparison to ISMIP values

Y « thermal forcing « |thermal forcing| y «thermal forcing « [thermal forcing| vy ¢thermalforcing « |thermal forcing|

0.06 -

0.05 -

0.04 -

0.03 -

Probability

0.02 -

0.01

0.00 -

0.000365 0.000370 0.000375

Inferred gamma (y) [m/s]

MeanAnt 3.51x104
PIGL 1.57 x 103

Our results [in m/s]

5th pctl 3.65x 104
Median 3.69x 104
95thpctl 3.73x104

0.05 -

0.04

.03 -

.02 -

0.01

0.00 -

0.000375 0.000380 0.000385 0.000390

Inferred gamma (y) [m/s]

ISMIP values (from Lipscomb et al., 2021 and Jourdain et al., 2020) [in m/s]

4.56 x 104
5.04 x 103

3.79x 104
3.83 x104
3.88 x 104

0.06 -

0.05 -

.04 -

.03 -

.02 —

0.01 -

0.00 -
0.076

o sin(local slope)

0.078 0.080

6.53 x 102
1.70x 101

7.78 X 10-2
7.95x 102
8.09 x 10-2

0.082

Inferred gamma (y) [m/s]

» Therange of inferred y
(from 1000 bootstrap
experiments) is very small
compared to the difference
between the ISMIP
“MeanAnt” and “PIGL”
recommendations

> For all cases, the inferred y
are closest to the
“MeanAnt” value.

In the 2nd formulation, the
inferred y are outside the
uncertainty window of the
two ISMIP
recommendations.

r,v [ ]
Spatial
patterns
e v

™



https://tc.copernicus.org/articles/15/633/2021/tc-15-633-2021.html
https://tc.copernicus.org/articles/14/3111/2020/

y-coordinate [x 106 km]

NEMO (reference)
Total melt in Gt/yr = 107.24

y « thermal forcing
Total melt in Gt/yr = 30.35

y - thermal forcing * |thermal forcing|
Total melt in Gt/yr = 120.44

~0.26 - . :
Continent 70 Continent 70 Continent 70 . o
e *l' 0T - 0T - 00 = Small spatial \./arléblllty
2 2 g for parameterisations not
J 50 @ 50 @ 50 @ . .
—0.30 - S o S including the local slope
405 40 40 o
£ £ £
—0.32 1 30 '6' - - 30 I; - L 30 I; .
i ¥ g 2 2 Including the local slope can
034 2035 0% 203 locally lead to large
Ocean 10 Ocean 10 Ocean - 10 overestimations
—0.36 - | | 0 - " 1 N
—1.65 —1.60 y » thermal forcing « |thermal forcing| vy .thermalforcing . [thermal forcing] y y .
y » thermal forcing « |thermal forcing)| « sin(local slope) « sin(cavity slope) NoO pe rfeCt SOlUtlon SO the
Total melt in Gt/yr = 114.83 Total melt in Gt/yr = 168.84 Total melt in Gt/yr = 138.09 choice depends on the
~0.26 - - -
Continent 70 Continent 70 Continent 70 d DPIICatIOn Of the
~0.28 - 60% - W0F - 60 T parameterisation
2 2 2
50 @ =0 & 50 9@ . ) .
~0.30 0 - 0 - 0 Uncertainty of spatial
40 = 40 .
: 105 : patterns is important for
~0-327 0 ] 7 309 "30 g application to ice sheet
O | C C :
20 = i 20 2 20 = models (work in progress)
~0.34 - = 1 s - = p
Ocean 10 Ocean - 10 Ocean 19 Mean melt rate
—0.36 1 T T 0 i T T 0 i T T 0 over 1980 tO 2018
~1.65 ~1.60 ~1.65 ~1.60 ~1.65 ~1.60

x-coordinate [x 106 km] e A
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Results (4) Dependence of y on origin of the input water properties

0.025 - y * thermal forcing P> (.14 - Y » thermal forcing 0.16 - Y » thermal forcing
Z’ +[thermal forcing] 0.14 - w *[thermal forcing] All previous plots were obtained
0.12 - i ,
0-0207 A by taking the mean
_ 7[ i 0107 ‘ # temperature and salinity profiles
] _ 1 0.10 . . .
£5.015 - z / \\ 008 - ‘ : W ‘ ‘ within 50 km of the ice front
ks ' & I # 0.08 - |
£ 1.010 - - 0.06 - ~ ‘ b 006 - ‘ W but
0 oa - # ‘ ﬁ ‘ how high is the influence of the
0.005 - " ’ e ' domain over which the mean is taken?
0.02 - é } 0.02 - j 1\
0.000 - . 0.00 -4 J {L ! ‘} L : ﬁ‘ j 0.00 ! ! N , : j Histogram legend
3 4 5 6 7 0.00030 0.00035 0.00040 0.00045 0.00035 0.00040 0.00045 0.00050 Domain over which the mean oceanic
y « thermal forcing te-b y « thermal forcing Gamma [m/s] temperature and salinity profiles (as input to
« [thermal forcing] * 0.040 ~ o |thermalforcing] [l °°7 RMSE the parameterisation):
0.12 - * e sin(local slope) 0.035 — fl e sin(cavity slope) 70 __oP==--- T — > Within of the ice
\ > shelf front (continental shelf only)
0.10 - 0.030 - - 60 -
= ‘ 0.025 - &y I\ T 50 @ .
5 0.08 - ﬁ = TE------ - ------mm-oos - » ydepends on the origin of the
(C il — _ . .
S os- N 0.020 - w0 input water properties
= ~ 0.015 4 Z 30 - ey :
0.04 | * /N  TEB EEEEEN S | » Should the choice of y
0.010 - 20 - .
# depend on the location of the
0.027 0.005 - 10 - - d
* &1 &{ input temperature an —
0.00 - 1 0.000 ’ 0 - - - - - salinity? (work in progress) | Main
0.07 0.08 0.09 0.10 0.04 0.05 0.06 20 40 60 80 100 page
Gamma (y) [m/s] Distance from front [km] o J
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Coming soon...

Reeseetal, 2018 Box model

[Olbers & Hellmer (2010),
Reese et al. (2018)]

Plume parameterisation
[Jenkins (1991), Lazeroms
et al. (2018 & 2019)]

Tune existing complex melt parameterisations with a
circum-Antarctic approach.

Ice sheet Ice shelf

————————
-

Grounding line

_ 0\ =
| With the same approach as the simple
o o o o ‘ . . z=1z Ta)Sa
Minimisation of . parameterisations but more elaborated a0 ambient water
. N, . ey . _ L.,
difference . method than a linear fit is needed oeroms etat, 2015

Ocean
Temperature
and Salinity

from NEMO
simulation

RARA Y /  Meltparameterisation Mean profiles over
N

the 50 km in front of
4 the jce shelf
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What you should take home...

4 N { N

Ocean | Melt parameterisations bridge the gap between open ocean
Melt Observat:gns or | . . . .
parameterisation| € Temperature | vodels withoutcavity - nroperties and the ice shelf base in uncoupled ice sheet models

and Salinity |¢9 CMIP-type models
k J
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Currently, individual corrections are needed for each ice shelf when simple melting
parameterisations are used. Here, we take a circum-Antarctic approach.

Minimisation of

difference
Y . . .
F\:@{\“ — We use a “perfect-model” approach with a circum-Antarctic
o ° ) [ J [ ) [ ] °
< _, [ Ocean ] ocean simulation to tune the simple parameterisations using
# Ty b ——b Temperature . . . .
EAONIRY ~ Vetine parameterisation and Salinity the 36 resolved ice shelves in the simulation over 38 years.
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We infer values of y using a linear fit and investigate the
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uncertainty of the inferred values of y using bootstrapping.
] ‘ .0003((5;mr(:‘;(;o(()vs;7[(:n/s;).000375 0.000375 0(.;0::13:1(; ((;)0;);3/5:; 0.000390 0.076 0.2;8mma ((;)0[8:‘/5] 0.082
The median values of y are close to the ISMIP MeanAnt recommendation  ismipvatues (from Lipscomb et al. 2021 and Jourdain et ., 2020) fin m/s]
but the uncertainty around the median values is much smaller thanthe ™™ iaio: o100 170% 107
window between the MeanAnt and PIGL recommendations.  ourresultsfinm/s]

5th pctl 3.65x104 3.79x104 7.78 x 102
Median 3.69x104 3.83x104 7.95x 102
95th pctl 3.73x104 3.88x 104 8.09 x 102

(7N . . : Y
Q Coming soon: similar tuning approach for complex parameterisations!



